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The Deep Underground Neutrino Experiment

ÇLarge, 40 kton (fiducial) mass with 4300 mwe overburdern makes DUNE 
ideal for searching for rare astroparticle phenomena

ÅAssume in this talk a DUNE with four liquid argon TPC modules

ÇDUNE will further constrain neutrino oscillation parameters including the 
CP-violating phase angle

ÅMeasured using a high-purity ʉȾʉ beam produced at Fermilab
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Focus on low-energy physics 
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Astroparticle neutrino flux
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ÇAs DUNE is an underground experiment, potential for astroparticle
measurements spanning several orders of magnitude of energy and 
event rate 

ÇUnderstanding the < 100 MeV-scale astrophysical neutrino flux a 
primary physics driver for the DUNE experiment

C. Spiering, Neutrino detectors under water and ice, 2020
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A core -collapse supernova

ÇWhen a star collapses, it releases its 
gravitational binding energy ( 1ͯ053 ergs)

Åas neutrinos (99%)

Åas light (0.01%)

Åas KE of ejected matter (1%)

ÇBurst of neutrinos lasts 10 seconds

Ç1-3 such events in our galaxy per century

ÇA single event would teach us:

ÇAstrophysics

ÅCore-collapse mechanism, 
neutronization rate, neutrino diffusion, 
black hole formation, nuclear density in 
neutron star

ÇParticle physics

ÅNeutrino magnetic moment, absolute 
mass, oscillations, sterile neutrinos
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SN 1987a remnant in 2007, 

imaged in x-ray and optical

NASA/CXC/PSU/S. Park & D. Burrows

NASA/STScl/CfA/P. Chalis

A burst of neutrinos was 

observed in supernova 1987a, 

associated with the death of a 

star in the Large Magellanic

Cloud

20 Ӷ’ interactions between 

Kamiokande, IMB, and Baksan
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Neutrinos emission in a supernova

ÇAfter a heavy star exhausts its supply of fusible nuclei within its core, it 
releases neutrinos in three discernable epochs during a supernova

Å1.  Neutronization through electron capture in the core gives a short-
lived, intense flash of ’

Å2.  Neutrino production then dominated by matter falling into the core

Å3.  Emission then slowly cools as neutrinos diffuse

ÇDUNE expects to see several thousand events from a galactic 
supernova to test time/energy profiles
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Goal: determine the neutrino flux
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’

Ӷ’

’
’ Ӷ’ ’

DUNE 89% 4% 7%

SK1 10% 87% 3%

JUNO2 1% 72% 27%
1Super-Kamiokande, Astropart. Phys. 81 39-48 (2016)
2Lu, Li, and Zhou, Phys Rev. D 94 023006 (2016)

DUNE uniquely sensitive to ’ component!

ÇInclude neutrinos in multi-
messenger observation of collapse 
and measure the differential flux 

ÇBeyond precise reconstruction of 
kinematics, we must probe all 
flavors to fully understand the core 
collapse

Å’ïobserve neutronization

Å’ + Ӷ’CC ïgood for calorimetry

Å’ NC ïno oscillation ambiguity
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Interaction channels in argon

ÇCharged current (CC) interactions on 
Ar sensitive only to ’ flux 

ÇNeutral current interactions on Ar

ÇNeutrino scattering off electrons (ES)
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’ τπὃὶO Ὡ τπὑz

Ӷ’ τπὃὶO Ὡ τπὅὰᶻ

’ τπὃὶO ’ τπὃὶz

Ӷ’ τπὃὶO Ӷ’ τπὃὶᶻ

’ Ὡ ᴼ’ Ὡ

Ӷ’ Ὡ ᴼ Ӷ’ Ὡ

Sub-cm spatial resolution allows for event-by-event categorization by interaction type

NC events create a cloud of deexcitation gamma blips

CC events give an electron in a deexcitation cloud

ES scatters produce a lone electron pointing away from the supernova
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Supernova events at DUNE

ÇFor a typical galactic supernova (originating 10 kpc away), we expect 
4000 neutrinos in 40 kton of argon
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Most sensitive to the ’ flux 

Unique aspect of argon detectors!

But there are large theoretical
uncertainties on the total rate

Solid: Garching model1

Would see few thousand events 
from galactic star or several 
dozen events from the LMC for 
efficient triggering

Andromeda supernova would 
produce 1 event

1Huedepol, Müller, Janka, Marek, and Raffelt, Phys. Rev. Lett. 104 251101 (2010)

Galactic Center
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Expected spectrum of events

ÇWe are most sensitive to the ’CC interaction ïbut we will observe 
others

ÅUnique to DUNE, other detectors largely sensitive to anti-’ from IBD

ÇWe can further exploit the reconstruction capabilities of the DUNE TPC 
to separate the flavors
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Garching model
40 kt
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Isolating interaction channels in DUNE

ÇPrecision tracking of particles in TPC

ÅElectron track visible in CC and ES

ÅComptons from deexcitation 
gammas show up as small blips 
surrounding electron track

ÇCan discriminate between channels 
based on deexcitation gammas
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CC: ’ τπὃὶO Ὡ τπὑz ES: ’ Ὡ ᴼ’ Ὡ

deex gammas

20 MeV ’ 10 MeV Ὡ

Machine learning to tag channels 

10 cm 1 cm


